Forty-four collected cases of ulcerative tracheo-oesophageal fistula following tracheostomy and assisted ventilation are reviewed. The condition followed this form of treatment in 05% of cases and must be distinguished from fistulae caused by accident or surgery, and also from laryngotracheal paralysis or dysfunction. The symptomatology, diagnosis, and treatment are discussed in detail. Spontaneous cure of fistulae is rare, and operative closure should be the aim. In one patient in six, surgical closure is excluded by rapid death. When surgery is possible its timing requires critical judgement. Factors requiring assessment are the condition of the patient and of the tissues around the fistula, the necessity to continue assisted ventilation, and the ability to control nutrition, tracheal aspiration from the mouth or stomach, and pulmonary infection. The mortality of those who did not die too rapidly to receive treatment was 61 % without surgery and 45-5% with surgery.
Tracheo-oesophageal fistula occurring after the institution of tracheostomy and intermittent positive pressure ventilation (IPPV) can be classified under three headings, namely, traumatic (accidental), surgical (iatrogenic), and ulcerative.
Traumatic fistulae occur as the result of chest injury, either closed (Stephens, 1965 ; Killen and Collins, 1965; Judd and Dubuque, 1968; St0ren and Vasli, 1968; Chapman and Braun, 1970) or open. Such an aetiology must be considered whenever assisted ventilation is used for treating crush injuries, as the tracheo-oesophageal fistula does not manifest itself clinically until after a latent period, usually of three to five days. Such traumatic fistulae are rare. Chapman and Braun (1970) collected 27 cases from the literature and added one of their own. Surgical injury may occur if, on opening the trachea while performing tracheostomy, the scalpel incises the posterior wall of the treachea and the anterior wall of the oesophagus (Watts, 1963; Nicholas, Dupon, Guillon, and Cornet, 1967) . This occasionally happens, and may be unrecognized, when the operation is done in extenuating circumstances, especially in children, in whom the parts are small and soft, or in iBased on a paper delivered to the Thoracic Society Sulmmer Meeting 1971 older subjects whose cartilage rings are calcified (Watts, 1963) . The posterior wall of the trachea and anterior wall of the oesophagus may also be damaged during insertion of the tracheostomy tube (Nicolas et al., 1967) This paper is concerned solely with ulcerative fistulae, and the other two varieties will be discussed only with regard to differential diagnosis. (Table I ).
In 29 of the 44 cases the number of tracheostomies performed is known so that the percentage incidence can be calculated. This is shown in Table I . These 29 cases occurred after 5,865 tracheostomies, an incidence of 0 49 %. I conclude that 5,772 of these patients were treated by IPPV so that the incidence for this method of treatment is 0-50%. The patients of Campbell (1968) were ventilated through either a cuffed tracheostomy tube or a cuffed endotracheal tube. The numbers of each are not given by the author and so they Chronic respiratory disease 5 Open heart surgery 1 Other conditions 1
In two of the cases of injury assisted ventilation was necessary because of traumatic quadriplegia, and in another because of paraplegia. Thus 14 cases were treated for neurological defects, and one for a neurological defect plus a flail chest. In addition three were treated for tetanus. Thus 17 patients were treated for neurological problems, one of whom also had a flail chest.
PATHOGENESIS Ulcerative tracheo-oesophageal fistula caused by tracheostomy and assisted ventilation occurs at the site of the cuff or tip of the tracheostomy tube, usually the former (vide infra), and their aetiology is the same as that of tracheal stenosis occurring at these sites. The pathology and pathogenesis of the tracheal damage, together with its prevention, have been discussed comprehensively elsewhere (Harley, 1971) and the reader is referred to that article for full details and bibliography.
Damage to the trachea is initiated mechanically by pressure and movement inflicted by the inflated cuff or tip of the tracheostomy tube, and is aggravated by the infection which inevitably follows ulceration of the mucosa in these circumstances. The importance of infection cannot be over-emphasized (Harley, 1971) , and has been stressed in the context of tracheo-oesophageal fistula by a number of workers (Atherstone and Ryder, 1967; Toty, Hertzog, Diane, and Aboudi, 1967; Nicolas et al., 1967; St0ren and Vasli, 1968) . Other factors such as chemical irritation, hypotension, and antiinflammatory agents, such as steroids or phenylbutazone (Nicolas et al., 1967; Hedden, Ersoz, and Safar, 1969) , may further add to the damage caused by pressure-infective necrosis. If ulceration extends through the whole thickness of the membraneous wall of the trachea before a fibrotic reaction, leading to stenosis, has had time to occur then a tracheo-oesophageal fistula may result (Harley, 1971) . One of the collected cases (case 39) is illustrated (Fig. 1) .
Concerning the mechanism of oesophageal damage, I believe, with many others (Johnston, Wright, and Hercus, 1967; Lord, 1967; Hunter, 1967; Toty et al., 1967; and Nicolas et al., 1967) , that an ulcerative tracheo-oesophageal fistula of the type under discussion is caused by ulceration of the trachea spreading subsequently into the oesophagus. Nicolas et al. (1967) , however, point out that the hypothesis that the oesophagus is the origin of the process leading to a fistula with the trachea cannot be rejected without discussion. Decubitus ulcers of the oesophagus occur in tracheotomized patients, sometimes near the upper end of the oesophagus (Mounier-Kuhn, Gaillard, Garing, and Rebattu, 1958) , but if this is initiated by pressure from the tracheostomy tube and its cuff the trachea suffers likewise and it is improbable that oesophageal ulceration can be the only factor in the genesis of tracheo-oesophageal fistula.
The argument that ulceration starts in the trachea, and subsequently extends into the oesophagus, is strongly supported by the fact that ulceration of the trachea, in patients undergoing treatment by IPPV, is not uncommonly confined to the trachea at the site of the inflated cuff or end of the tracheostomy tube, especially the former, and may be so severe as to cause subsequent stenosis (Harley, 1971) . When a tracheo-oesophageal fistula develops it does so precisely at these same sites.
Once the membraneous wall of the trachea yields and ulcerates, the anterior wall of the oesophagus becomes vulnerable to compression between the cuff or tip of the tracheostomy tube and the vertebral column (Flege, 1967; Toty et al., 1967) , to the shearing stress of the movements of deglutition and of the tracheostomy tube, and to infection, together with the other factors enumerated as damaging the trachea. At the site of tracheal ulceration the inflammatory reaction occurring in advance of the ulceration welds the trachea and oesophagus together so that ulceration can spread from the former directly to the latter without giving rise to diffuse mediastinitis or pneumomediastinum.
I believe, with Nicolas et al. (1967) and most other workers, that the great majority of tracheooesophageal fistulae are caused by damage inflicted by the inflated cuff rather than by the tip of the tracheostomy tube, but Le Brigand and Roy (1966) believe the latter to be the principal cause. Toty et al. (1967) describe, and illustrate diagrammatically, how the inflated cuff may distend the membraneous wall of the trachea into a sac, like a diverticulum, into which it fits. The oesophagus is caught like a sandwich between the inflated cuff and the vertebral column. If chronic irritation and infection weld the trachea and oesophagus together, the end of the tracheostomy tube, or of an aspirating catheter, may then damage or perforate a the lower margin of the 'diverticulum' and so create a tracheo-oesophageal fistula (Figs. 2 and 3). Toty et al. (1967) consider that the initiating factor is compression and ischaemia caused by the cuff, followed by repeated trauma from the end of the tracheostomy tube and aspirating catheters. In all their patients severe infection and starvation were additional factors.
Other factors may be of considerable importance in leading to oesophageal damage. Thus damage may be caused by resident nasogastric tubes (Nicolas et al., 1967; St0ren and Vasli, 1968; Hedden et al., 1969) , especially if they are large and hard. The anterior wall of the oesophagus and the posterior wall of the trachea may be compressed for long periods between such a tube and the inflated cuff (Nicolas et al., 1967) , and this compression may be enhanced by the reduced flexibility of their walls occasioned by a firm nasogastric tube (St0ren and Vasli, 1968) . Nasogastric tubes are frequently used for feeding patients treated by assisted ventilation. Care should be taken to select the smallest and softest tube consistent with adequate function, and to remove it as soon as possible.
Fragility of the tissues of the trachea and oesophagus is thought to be of aetiological importance by French workers. This may be occasioned by age (Nicolas et al., 1967) reflux Dor, 1966; Nicolas et al., 1967) , infection and anti-inflammatory drugs, such as steroids (Nicolas et al., 1967; Hedden et al., 1969) or phenylbutazone (Nicolas et al., 1967) . Gastro-oesophageal reflux is liable to occur in patients treated by assisted ventilation because of prolonged decubitus, lack of muscle tone, diaphragmatic atony, especially during curarization, and resident nasogastric tubes. Gastric reflux causes oesophagitis and may make the oesophagus more fragile, so favouring its ulceration and the development of a tracheooesophageal fistula Dor, 1966; Nicolas et al., 1967) . Schulthess (1964) and Le Brigand and Roy (1966) The findings indicate that the great majority of fistulae occur at the level of the inflated cuff, and I believe that the cuff is primarily responsible for these cases.
Relative to lower margin of tracheal stoma The site of the fistulae varied from just below the tracheal stoma to 4-5 cm below the stoma. Most of the fistulae were located 1 to 3 cm below the stoma, the same position at which cuff stenoses occur (Harley, 1971) . This site usually places the fistulae at or just below the upper margin of the manubrium sterni, or about half way between the cricoid cartilage and the carina. In the few cases for which measurements were given the fistulae lay between 6 and 8 cm above the carina. (Stephens, 1965; Killen and Collins, 1965; Chapman and Braun, 1970 ). This is not likely to occur if the patient is being fed through a nasogastric tube. Since patients under treatment with IPPV are often fed in this way diagnosis may, in consequence, be delayed.
As already mentioned, gastro-oesophageal reflux is liable to occur in patients being treated by assisted ventilation. In such circumstances the regurgitated gastric contents will find their way into the trachea in the manner described.
If swallowed material or gastric contents do not pass out through the tracheostomy wound or tube they will be recognized in the tracheal aspirates. In any suspected case of tracheooesophageal fistula the aspirates should be examined for saliva, food or gastric juice.
Occasionally a communication between the trachea and the oesophagus causes abundant secretions to appear in the mouth during tracheal aspiration. These secretions are identical with the material being aspirated from the trachea, but are greater in amount. This was a feature in case 4 of Le Brigand and Roy (1966) , who concluded that the material in the mouth was coughed up from the trachea through the fistula at the time of aspiration (case 12, Table I ).
When food or gastric contents are aspirated into the lungs severe bronchopneumonia ensues and may well prove fatal (Fig. 4) . Sometimes the opening of the tracheo-oesophageal fistula is followed by such gross aspiration into the lungs of gastric contents or swallowed material that death occurs instantaneously or rapidly from asphyxia. This occurred in six of the 44 patients collected. In slightly less severe cases the patient becomes distressed and cyanosed and may develop severe shock (Toty et al., 1967) .
Another direct and characteristic consequence of tracheo-oesophageal fistula is the rapid onset of gastrointestinal distension with air, which may be rhythmical (Fig. 5 ). This occurred as the initial symptom in two cases (cases 27 and 38). In two other cases distension of the abdomen occurred simultaneously with the outpouring of fluid, in one through the tracheostomy tube (case 36), and in the other through the tracheostomy and nasogastric tubes, the nose, and the mouth (Fig. 5 , case 39). In a fifth patient gastric distension occurred after the onset of other symptoms (case 44), while in a sixth patient 2 litres of blood were found in an enormously dilated stomach at necropsy (case 19).
In case 27 the tracheo-oesophageal fistula disclosed itself by progressive rhythmical distension of the epigastrium, caused by ventilator insuffiations. This was followed by vomiting, with subsi- Ulcerative tracheo-oesophageal fistula after tracheostomny and IPPV was explained by the fact that the tracheooesophageal communication was found to be just below the equator of the inflated cuff of the tracheostomy tube. In case 38 the tracheo-oesophageal fistula was first manifest 95 days after performing tracheostomy by sudden, severe gastric distension. The gastrostomy tube, which had been inserted 29 days previously, was unclamped and its end was placed under water. Bubbles issued from the tube during each inspiratory phase of the ventilator. In case 36 the patient suddenly became cyanosed on the twelfth day and large amounts of fluid poured out through the tracheostomy tube. As the air passages were cleared out and ventilation was continued the abdomen suddenly became excessively distended, obviously due to insuffiation of air through the tracheostomy tube. From then on gastric distension and retention, with regurgitation into the air passages, persisted despite cessation of artificial ventilation and institution of continuous suction through a nasogastric tube and gastrostomy. In case 39 radiological examination of the abdomen, at the time of an outpouring of purulent, and then bile-stained, liquid through the tracheostomy tube, nose, mouth, and nasogastric tube, showed acute dilatation of the stomach and intestines. In case 44 the abdomen became very distended with air six days after the first symptom of tracheo-oesophageal fistula, and it was found that the air could be pressed out of the stomach. In case 19, as indicated above, distension of the stomach was found at necropsy.
Other manifestations of ulcerative tracheooesophageal fistula following tracheostomy and assisted ventilation are uncommon. Severe rapidly fatal haemorrhage was the only feature in two cases. In one of these the haemorrhage was caused by an associated fistula into the innominate artery which resulted in rapidly fatal haemoptysis (case 26). The second case (case 19) was the one mentioned in which 2 litres of blood were found in a grossly distended stomach. The patient died within a few minutes from haemorrhage into the digestive and respiratory tracts. No arterial perforation was found at necropsy. The haemorrhage had presumably occurred from granulations at the site of the tracheo-oesophageal fistula. Lesser haemorrhages may occur on occasions from this source.
The second patient, shown previously as having had a perforation of the innominate artery, developed this at a later stage of the illness, after operative closure of the tracheo-oesophageal fistula and subsequent repair of an associated tracheal stenosis. He died as the result of haemorrhage. Other complications of his original injury were also present (case 43).
Pneumothorax and pneumomediastinum rarely complicate ulcerative tracheo-oesophageal fistulae of the type under discussion, though they are more common in other varieties. This is because before the fistula occurs local mediastinitis welds the trachea and oesophagus to each other and to the surrounding tissues. The only exception of which the writer is aware is a boy of 11 years for whom total correction of Fallot's anomaly was performed by Mr. T. H. L. Rosser (case 44). On the 27th day after operation thick green pus and air escaped in great quantities from the mediastinal wound and radiological examination showed a right apical pneumothorax. The boy was thought to have suffered rupture of the trachea. A strong air leak occurred from the intercostal tube which was inserted. Milk feeds came out of the tracheostomy wound, and the abdomen became very distended with air.
There are two important warning signs that serious damage may be occurring to the trachea which may lead to ulceration and either stenosis or a tracheo-oesophageal fistula. The first of these is the necessity to use high pressures in the cuff in order to prevent air leakage. This is required when pulmonary compliance is low, and it increases the risk of damage to the trachea from pressure ischaemia. The second sign is the necessity to use increasing volumes of air to distend the cuff for the purpose of preventing air leak. This need arises because the trachea is dilating as the result of structural damage, and is an indication of ulceration and cartilage destruction. In a number of the case histories studied note was made of one or both of these features in the period before the tracheo-oesophageal fistula developed, and their occurrence should always be a cause for anxiety. Tracheobronchial infection is also often present in these cases.
In summary, high inflation pressures and increasing minimal occluding volumes should warn the clinician of damage to the trachea. The fistula may manifest itself in several ways. The commonest is the passage of swallowed material or regurgitated gastric contents into the trachea. This may result in rapid death from asphyxia, severe distress, with cyanosis and shock, or the passage of the liquid around or through the tracheostomy tube. Aspiration bronchopneumonia soon follows. (Toty et al., 1967; Nicolas et al., 1967; Malmejac, Arnaud, Houel, and Dor, 1967; Hedden et al., 1969 (Fig. 4) . This should already have been apparent to the clinician because of a progressive increase in the amount of air necessary for injection into the cuff to prevent an air leak. As already pointed out, pneumomediastinum and subcutaneous emphysema rarely complicate ulcerative tracheooesophageal fistula, but they often occur after the accidental and surgical varieties. The chest films will give evidence of aspiration bronchopneumonia (Fig. 4) , nearly always present in greater or lesser degree, and the abdominal films may show severe gaseous distension of the stomach and intestines (Fig. 5 ).
An oesophagogram is useful for diagnosing both the presence and the site of a tracheo-oesophageal fistula. It may be performed with the aid of Gastrografin (St0ren and Vasli, 1968) , Lipiodol (Nicolas et al., 1967) , Hypaque (Judd and Dubuque, 1968) Toty et al., 1967) . ENDOSCOPY Both oesophagoscopy and bronchoscopy should be performed in all cases to demonstrate the presence, location, and size of the fistula, to ascertain the presence or absence of necrosis and the suitability or otherwise of the fistula for operative repair, and to take a portion of granulation tissue, if present, for microscopical examination. Great care must be taken not to enlarge the fistula with the tip of the bronchoscope or oesophagoscope (Chapman and Braun, 1970) . Tracheobronchoscopy may be performed perorally or perstomally, but the former is, in general, more informative (Le .
Either oesophagoscopy or bronchoscopy or both may fail to demonstrate the fistula because of the acute inflammatory reaction which surrounds it. Both examinations are more likely to succeed if a relatively large tube is present in the opposite lumen (St0ren and Vasli, 1968) . The tube opens out the fistula and can be seen through it at bronchoscopy or oesophagoscopy as the case may be. Another useful aid is to inject methylene blue into the opposite lumen. At oesophagoscopy the dye is injected into the trachea through the tracheostome (Le Nicolas et al., 1967) while at bronchoscopy the dye is swallowed or instilled into the pharynx or oesophagus (Nicholas et al., 1967; Judd and Dubuque, 1968) . Even if the tracheo-oesophageal fistula is not seen directly the methylene blue can easily be seen emerging through it.
Each of the above radiological and endoscopic diagnostic procedures may fail to reveal the fistula (Stephens, 1965; Chapman and Braun, 1970) (Stephens, 1965; Killen and Collins, 1965; Judd and Dubuque, 1968; St0ren and Vasli, 1968; Chapman and Braun, 1970) (1970) . Laryngopharyngeal paralysis or dysfunction must be excluded as the cause of the symptoms, for they may mimic closely a tracheo-oesophageal fistula.
PREVENTION
The preventive measures taken to avoid ulceration of the trachea are the same as those used to prevent its stenosis at cuff or tube tip level. These are discussed in detail elsewhere (Harley, 1971) , and a brief summary only will be given here. In addition, further precautions must be taken to avoid other factors which may damage the oesophagus.
Mechanical damage inflicted by the cuff through pressure and movement is minimized by strict adherence to the minimal occlusive volume, avoiding frequent deflations, using thin-walled cuffs of suitable shape and length, avoiding movement of the tracheostomy tube relative to the trachea, either transmitted from the ventilator or caused by movements of the neck or body of the patient, and omitting assisted ventilation as soon as possible. Mechanical damage by the end of the tracheostomy tube is minimized by proper placement of the tracheostome and tracheostomy tube, by choosing a tube of suitable length, shape, and composition, and by avoiding movement between the tube and the trachea. Infection is reduced to a minimum by strict asepsis and avoidance of tight suturing of the wound at tracheostomy, the use of dry, sterile dressings, gentle and aseptic tracheobronchial aspiration, proper and aseptic control of the temperature and humidity of the gases delivered to the trachea, the use of antibiotics therapeutically, but not prophylactically, and perhaps also barrier nursing.
The use of tracheostomy tubes made of chemically irritant materials and of anti-inflammatory agents should be avoided and all precautions taken to obviate, or to treat energetically, periods of arterial hypotension.
Nasogastric tubes, if used, should be as small and soft as function will allow and should be withdrawn as early as possible. Gastro-oesophageal reflux can be minimized by avoiding, as far as possible, the horizontal posture, nasogastric tubes, and muscle relaxants.
TREATMENT
When a tracheo-oesophageal fistula is diagnosed the chief problems which arise are ventilation of the patient, nutrition of the patient, control of infection, and closure of the fistula. Since only a minority of fistulae close spontaneously (vide infra) surgical closure must be the aim. The timing and technique of this will be described.
VENTILATION Ventilation of the patient poses a considerable problem, both before and after closure of the fistula, since most ulcerative fistulae are caused primarily by damage inflicted by the inflated cuff. In many patients adequate ventilation cannot be maintained through the resident tracheostomy tube because of the development of a considerable air leak, a difficulty which may be accentuated by insufflation of the stomach and intestines. In some cases adequate ventilation may be re-established, before closing the fistula, by changing the tracheostomy tube for a longer one with a single cuff (Flege, 1967; Toty et al., 1967; Hedden et al., 1969) or for one with a double cuff (Otteni et al., 1967; St0ren and Vasli, 1968) . These methods are not always successful. Since the cuff is usually responsible for the fistula it would seem logical to deflate it, provided adequate ventilation can be maintained. If so, the cuffed tube may be replaced by a non-cuffed one of silver or plastic. It is essential to keep a tube in situ while the patient is being prepared for surgery so that efficient tracheobronchial aspirations can be maintained .
NUTRITION In all cases the oesophagus must be rested and oral or gastric contents denied access to the trachea, in so far as is possible, by feeding through a nasogastric, gastrostomy or jejunostomy tube (Malmejac et al., 1967) . Although adequate nutrition can usually be achieved by one or other of these methods, none of them always prevents reflux of gastric contents through the fistula into the trachea Malmejac et al., 1967) . A nasogastric tube failed to prevent tracheal aspiration or progressive gastric distension in seven out of 15 cases in this series, gastrostomy was unsuccessful in three out of seven cases, and jejunostomy was unsuccessful in two out of three cases. A tube, however, avoids the need to swallow liquids (other than saliva), which pass through the fistula into the trachea and flood the bronchial tree. As pointed out previously, nasogastric tube feeding may delay the diagnosis of a tracheooesophageal fistula by eliminating oral feeds. In case 23 the fistula was first recognized 32 days after tracheostomy when an oral feed, given after withdrawal of the nasogastric tube, came out of the tracheostomy wound.
If a nasogastric tube is employed the feed should be given as a drip in order to reduce to a minimum the reflux of gastric contents, and the tube should be as narrow and as soft as is consistent with function.
There is difference of opinion as to the relative merits of gastrostomy and jejunostomy feeding, but some degree of gastric retention seems to be common in these patients. When this is so gastrostomy feeding is poorly tolerated and the feeds are liable to regurgitate (St0ren and Vasli, 1968) . Dor (1966) feels that, in the presence of severe inflammation around the fistula, gastrostomy is preferable to operative repair, and he advises advancing the tube through the pylorus into the duodenum. Lortat-Jacob (1966) thinks that in the case of oesophageal wounds jejunostomy is safer than gastrostomy because it is associated with less reflux into the oesophagus. He employs an en Y or Witzel technique and advises that it be performed 30 to 40 cm below the duodenojejunal junction in order to avoid traction on the first loop of the jejunum. Great care must be taken to avoid obstructing the bowel. If all the above methods fail to prevent serious gastric reflux and bronchial aspiration, oesophageal exclusion may have to be considered (Le , writing on ulcerative fistulae, stated that they knew of only one case of spontaneous cure. Among the 44 cases of ulcerative fistulae reviewed here, seven out of 24 recovered without operation, but four of these were among the five cases of Toty et al. (1967) . These workers appear to have a unique success rate of closure with conservative treatment.
SURGICAL TREATMENT
Since spontaneous closure of tracheo-oesophageal fistulae is so uncommon operative closure should be the aim. Nicolas et al. (1967) consider the results of operation to be discouraging and they lay stress on preventive measures, conceding that their practical application remains difficult. A number of aspects of surgery merit discussion, such as the correct time for operation, the operative approach, the repair procedure, the complications, and the mortality. TIME FOR OPERATION In the past there has been a tendency to defer operative closure of tracheooesophageal fistulae for a number of weeks in order to control infection and necrosis, and to allow the margins of the fistula to become firm enough to hold sutures, but recently earlier closure has been advocated.
With regard to traumatic fistulae, Stephens (1965) states that ideally closure should be performed within seven to 10 days of the onset of symptoms, but that if the diagnosis is made later, or the general condition is too bad, gastrostomy or jejunostomy should be performed and operative closure deferred for about one month, so as to allow inflammation and necrosis of the tissues to resolve. St0ren and Vasli (1968) state that as spontaneous closure of traumatic fistulae never occurs operative closure should be planned as soon as the diagnosis is made, but that no generalization should be made as to the correct time. They agree with Stephens (1965) that if the diagnosis is made early operation may be performed in the first 10 days. Severe inflammation or necrosis at the site of the fistula, however, contraindicate surgery, for in their presence the sutures cut out. According to these workers, if the operation cannot be performed early it should be delayed for eight to 10 weeks. Chapman and Braun (1970) (Stephens, 1965; St0ren and Vasli, 1968; Le Brigand and Roy, 1966) (Stephens, 1965; Le Brigand and Roy, 1966; Dor, 1966; St0ren and Vasli, 1968) and contraindicate the operation. If these conditions are present operation must be deferred until they have been controlled by the methods already discussed. Inability to maintain assisted ventilation, despite the fact that the patient continues to require it, may force the surgeon to attempt closure of the fistula even though the time is, for other reasons, inappropriate.
The general condition of the patient may influence the decision for or against operation. In some cases overwhelming tracheobronchial flooding may kill the patient before operation can be arranged, while in others severe bronchopneumonia may contraindicate surgery until it can be controlled.
The success or failure of nasogastric drip feeding, gastrostomy or jejunostomy in maintaining nutrition and in controlling the aspiration of oral or gastric contents into the lungs are matters of the utmost importance for patients in whom immediate surgery is contraindicated. Their failure may force the surgeon to intervene at an inopportune time.
The toleration of the patient to his fistula is important but variable. In general, traumatic fistulae are tolerated better than the ulcerative type and, in consequence, they allow of more latitude in management and do not require closure so urgently.
Severe bronchopulmonary infection, common in these patients, must be assessed and the ability to control it without closure of the fistula estimated. As long as the fistula is open this is a difficult matter.
In summary, operative closure of the fistula must be planned as soon as the diagnosis is confirmed, but its timing is a matter of difficulty, requiring critical judgement. The operation should be performed as soon as the tissues are healthy enough and the patient is fit enough. Rapid death may exclude the possibility, while inability to control the factors enumerated above may force the surgeon to operate before the patient or his tissues are in a suitable state. SURGICAL TECHNIQUE The operative approach depends upon the level of the fistula. The great majority of ulcerative fistulae occur at the site of the cuff, situated 1 to 3 cm below the tracheostome and at, or just below, the upper margin of the manubrium sterni. Most can be exposed satisfactorily by an incision along the anterior border of the left sternomastoid muscle Dor, 1966; Malmejac et al., 1967; Nicolas et al., 1967) , if necessary extended down the mid-line over the upper portion of the sternum, which is divided. This extension is not usually required. Alternatively, a collar incision may be used (Schulthess, 1964, case 43 ), but, in my opinion, the fistula is better approached from the left side than from in front, for from the anterior approach the oesophagus is obscured by the trachea. This does not apply to tracheal resection for stenosis. When fistulae are sited lower down, usually in post-traumatic examples, a high right thoracotomy is preferable. Before incising the neck the tracheostomy opening must be excluded from the field of operation.
After making the incision along the anterior border of the left sternomastoid muscle the carotid sheath is retracted outwards to expose the trachea and oesophagus. The laryngotracheal mass is then retracted forwards and the oesophagus is retracted backwards with the aid of slings of tape or fine rubber tubing. The oesophagus and trachea are often firmly adherent in the neighbourhood of the fistula and their dissection and separation may be difficult. They should be separated and retracted from each other both above and below the fistula, care being taken not to injure the recurrent nerves.
In all cases the trachea and oesophagus must be closed individually. Suturing of the oesophagus is usually easy, but closure of the membraneous trachea is often much more difficult Dor, 1966; Malmejac et al., 1967) because of ulceration and necrosis, and reinforcement is always required by interposition of viable tissue. If much necrosis is present suture of the tracheal tissues may be impossible and a graft must be relied upon for closure of the fistula.
The oesophagus is best closed transversely with two layers of interrupted sutures, one through the mucous membrane, the other through the muscular coat. If this cannot be done a single layer of sutures is usually satisfactory. The trachea is also best closed transversely, with a single layer of interrupted or mattress sutures. Silk or nylon may be used for the oesophagus, and silk, nylon or steel wire for the trachea. Care must be taken not to stenose either structure. The suture line in the trachea is then reinforced, preferably with a pedicled muscle graft which is sutured to it and interposed between the trachea and the oesophagus. Muscles successfully used in this way are the sternomastoid Flege, 1967; Nicolas et al., 1967) , the sternothyroid (Nicolas et al., 1967; Malmejac et al., 1967) , and 2B the inferior belly of the omohyoid (Le Dor, 1966; Nicolas et al., 1967; Malmejac et al., 1967) . The last of these is the most appealing. Alternatively, a pedicled skin flap may be employed (Schulthess, 1964; Le Brigand and Roy, 1966 ; case 41 of the present series), but muscle is easier to use and is as effective. In my opinion, pleura (St0ren and Vasli, 1968) or fascia lata are not as suitable as muscle. If suture of the trachea proves impossible, because of inflammatory softening or necrosis, the muscle flap is sutured to the edges of the opening in it so as to seal it as effectively as possible.
Drainage of the region of the fistula is essential, preferably with the aid of suction (Malmejac et al., 1967) . If satisfactory closure of the trachea and oesophagus has been achieved a nasogastric tube is passed into the stomach and the patient is fed through this for a week. If closure is unsatisfactory or impossible gastrostomy or jejunostomy should be performed and, if necessary, cervical oesophagostomy should be added (Flege, 1967) .
COMPLICATIONS OF SURGERY The complications recorded in this review were recurrent nerve paralysis (case 9), tracheal stenosis (cases 8, 12, 22, and 41), uncontrollable infection with Pseudomonas pyocyanea (case 17), recurrent tracheooesophageal fistula (case 43), and inability to repair the fistula (case 10).
MORTALITY
Among the 44 cases in this review, 12 are known to have had operative repair of the fistula and 24 are known not to have had operative repair. Details are not available for the remaining eight patients. Table III shows the findings for the 36 cases for which details are known. As shown, the mortality for the patients operated upon was 45-5%, as opposed to 70-8% for those treated without operative closure. However, in the latter group of 24 patients six died so rapidly from flooding of the tracheobronchial tree that no useful treatment could be administered. Of the remaining 18 patients, 11 died, a mortality of 61 %. It is surprising that seven of these patients should have recovered without operation, for it is the general opinion that without surgery tracheo-oesophageal fistulae rarely close spontaneously and have a very high mortality. It is of interest that no fewer than four of the seven recoveries were among the five patients treated by Toty et al. (1967) . Apart from these workers, who had a recovery rate of 80%, the mortality for conservative treatment of ulcerative fistulae has been very high, and I have little doubt that the fistulae should be closed surgically whenever possible. Death occurs too rapidly in one case in six to allow of this being done. In those who survive the establishment of a fistula the time for operation must be carefully chosen, and efficient care of the patient both before and after surgery is essential. 
